ABSTRACT. To characterize amino acid polymorphisms of sheep prion protein (PrP) gene, DNA from 740 sheep of nine breeds raised in Mongolia was isolated and analyzed. A total of 16 genotypes and seven allelic variants of the PrP gene at codons 112, 136, 154, and 171 were found. The MARQ/MARQ genotype associated with susceptibility to scrapie was found in 82.6% of the sheep while the MARR/MARR genotype associated with resistance to scrapie was found in 1.8% of the sheep. The polymorphisms of valine and serine at codon 127, and leucine and arginine at codon 189 were detected in eight Mongolian sheep breeds, suggesting that these polymorphisms are a common feature among Mongolian sheep breeds. KEY WORDS: PrP genotype, scrapie susceptibility.
Scrapie in sheep and goats is a fatal and infectious neurodegenerative disease that has been categorized as a transmissible spongiform encephalopathy (TSE) or prion disease also found in humans and other animals. Prion diseases are characterized by the accumulation in the tissues of the central nervous system of an "infectious" abnormal proteaseresistant isoform (PrP Sc ) of cellular prion proteins (PrP C ) encoded by the PrP gene [12] . Polymorphisms of the PrP gene have been linked to host susceptibility and the incubation period of the disease [11] . PrP allelic variant valine/ arginine/glutamine (VRQ) at codons 136, 154, and 171 is associated with high susceptibility to scrapie for sheep breeds. While the allele VRQ is rare in Suffolk sheep, the wild-type PrP allele alanine/arginine/glutamine (ARQ) is associated with susceptibility to scrapie. It has been widely considered that the PrP allelic variant alanine/arginine/arginine (ARR) at codons 136, 154, and 171 is associated with resistance to scrapie in several breeds [1-5, 7-10, 13] . Links between DNA polymorpisms and scrapie susceptibility have been identified in outbreaks of scrapie in various breeds or flocks in different countries where scrapie has been diagnosed [1, 7-8, 10, 13] . However, in central Asian countries where many sheep are raised, the polymorpism of PrP genes associated with scrapie have not yet been characterized. Therefore, we examined the PrP genotypes of 740 Mongolian sheep, including 271 sheep previously reported [6] .
DNA samples were collected from several breeds from different prefectures in Mongolia. A total of 271 sheep came from the central region of Mongolia: 112 Khalkh sheep (native breed) from Tuv prefecture (designated I in Fig. 1.) ; 60 Khalkh sheep from Uvurkhangai prefecture (J); and 35 Yeroo sheep, 35 Orkhon sheep, and 29 Khangai sheep from Selenge prefecture (K) [6] . [6] .
The entire 794-bp open reading frame (ORF) of the PrP gene was amplified by polymerase chain reaction (PCR) in 50 µl reactions, using PrP primers (SPrP-1, SPrP-2, SPrP-3, and SPrP-5) as described by Gombojav et al. [6] . To confirm amplification, a portion of each reaction product was electrophoresed on a 0.7% agarose gel containing ethidium bromide (0.5 µg/ml), and visualized under ultraviolet radiation. Then, the primers were removed using a Centricon 100 micro-concentrator (Amicon, Bedford, MA), and 1 to 5 µl of the concentrated PCR product was used for direct sequencing [6] .
In this study, the relative genotype frequencies of four codons (112, 136, 154, and 171) of the PrP gene are newly reported in five sheep breeds (Sartuul, Govi-altai, Bayad, Darhad, and Sumber Karakul), in addition to four previously reported sheep breeds (Khalkh, Yeroo, Orkhon, and Khangai) [6] . Table 1 shows the genotype frequencies of 16 different PrP genotypes in the 740 sheep examined. The PrP genotypes MARQ/MARQ was found in all nine breeds.
Among all the breeds studied, the Khalkh sheep showed the greatest variation with 11 PrP genotypes composed from 6 alleles, while three to nine PrP genotypes were found in the other sheep breeds. The great variations in PrP genotypes suggest that Khalkh sheep originated from a mixture of several breeds from surrounding countries, while lesser variations in the other sheep breeds suggest that these breeds originated from a mixture of fewer numbers of breeds within Mongolia.
The allelic variant VRQ at codons 136, 154, and 171 is rare in Suffolk sheep [4, 9, 13] and this tendency was also found in the Mongolian sheep breeds. Valine at codon 136 (136V) associated with high susceptibility to scrapie was detected from two sheep breeds, Yeroo and Orkhon, but not in the other sheep breeds of Mongolia. Yeroo and Orkhon sheep have been raised in Selenge prefecture, which is in close proximity to Russia. The sheep raised in the prefecture had been genetically developed by crossbreeding with Russian sheep. Therefore, it is thought that the polymorphism of valine at codon 136 may have been introduced through the Russian sheep breeds, although little information about the PrP polymorphism of Russian sheep.
We found valine (V; nucleotides GTC) and serine (S; a) Locations are shown in Fig. 1 . b) A total of 474 samples include 172 samples previously reported by Gombojav et al. [6] . c) Data from Gombojav et al. [6] .
AGC) at codon 127, and leucine (L; CTA) and arginine (R; CGA) at codon 189 in eight Mongolian sheep breeds ( Table  2 ). These amino acid polymorphisms of PrP gene were widely observed in Mongolian sheep breeds but have not been reported in other sheep from European countries, suggesting that these are unique to indigenous sheep breeds including Mongolian sheep. However, it remains to be determined whether these polymorphisms have any correlation with susceptibility to scrapie. Among the different sheep breeds raised in Mongolia, 66.9% had the MARQ/MARQ genotype and 1.8% had the MARR/MARR genotype, which are linked to susceptibility and resistance to scrapie, respectively (Table 1 ). In the previous study [6] , we examined the scrapie form of the prion protein (PrP Sc ) in brain tissues from 10 sheep with neurological symptoms, but no PrP Sc was obtained by Western blot analysis. Therefore, although there have been no reports of scrapie in Mongolia, these results suggest that the majority of Mongolian sheep are genetically susceptible to scrapie. However, since PrP genes linked to scrapie resistance were observed in five of the nine breeds, individual sheep carrying the scrapie-resistant genes can be identified and used in breeding programs to develop scrapie-resistant populations. 
